= 0.133, d.f. = 1, P = 0.71).
genetics; allele
Increasing evidence derived from animal experiments suggests that a common denominator of most increase dopamine release as measured by plasma predispose mice both to morphine and alcohol preferhomovanillic acid levels before and after cocaine cue ence. 8 Central dopaminergic pathways figure promipresentations. 14 expressed in the brain limbic system, are likely canditrait of Novelty Seeking is also more pronounced in substance abusers, who score higher in this dimension than control subjects. 13 The twin role of dopamine receptors in mediating Novelty Seeking 10-12 and drugreinforcement 9 prompted us to examine a group of Israeli heroin addicts for prevalence of the D4DR repeat polymorphism. We now show that the 7-repeat allele is significantly over-represented in the opioid-dependent cohort and confers a relative risk of 2.46. To our knowledge this is the first report of an association between a specific genetic polymorphism and opioid addiction.
D4DR exon III genotypes were analyzed for 141 male opioid-dependent subjects and 110 male control subjects. A significant increase (Figure 1, Table 1 ) was observed in the number of opioid-dependent subjects with the 7-repeat allele in comparison to the control group (29.1% vs 11.8%; 2 = 10.9, d.f. = 1, P = 0.00096), if D4DR genotypes were inventoried on the basis of the presence or absence of the 7-allele. The relative risk for date genes for association with human substance Firstly, specific genes which confer susceptibility to alcoholism may not necessarily determine vulnerabuse.
Of particular interest is the DRD4 receptor which ability to opioid addiction. There are apparent differences in the sociobiology of addictive behaviors, which was the third member of the dopamine receptor superfamily to be cloned and contains an unusually polyare particular to specific substances, and propensities for one or another drug may reflect an individual conmorphic 16-amino acid repeat region in the putative third cytoplasmic loop.
15, 16 Differences in ligand bindstellation of underlying genetic factors. Secondly, addictive behavior like other personalilty and psychiing and cyclic AMP accumulation have been observed for this receptor repeat. 17, 18 Although the physiological atric disorders is a complex trait, 22 where if genes play a part, they do so in concert with both the external significance of these effects is small, the 7-repeat form of the receptor, when expressed in vitro, mediates a physical environment (including prenatal) as well as the internal genetic environment (so-called epistatic cellular response to dopamine that is blunted relative to the other major forms of DRD4, including the 4-effects). Whereas Mendelian principles of inheritance are usually characterized by clear-cut dichotomous repeat form of the receptor. D4DR receptor mRNA also shows a distinct neuro-anatomical distribution in comphenotypes and explain the genetic basis of many human characteristics, complex disorders such as parison to D2 mRNA with a concentration in limbic areas associated with cognitive and emotional areas. 15 asthma, 23 diabetes, 24 reading disability, 25 attention deficit 26 and others are more difficult to analyze by traFinally, D4DR may be the site of action of the atypical neuroleptic clozapine. 15 ditional methods. Genetic influences on complex traits are the result of multiple genes of varying effect size. In addition to animal studies which link dopamine, reward and addictive behavior, 9 our recent finding that These multiple gene-effects can contribute additively and interchangeably, like risk factors, to vulnerability Novelty Seeking, a psychological trait shown to be prominent in substance-dependent individuals, 13 is to a disorder. Any single gene in a multiple gene system is neither necessary nor sufficient to cause a disassociated with the long repeat alleles of the dopamine D4 receptor, 10-12 further strengthens the contention order. It is, therefore, not unlikely that the determination of a complex trait across both individuals and that polymorphic forms of brain dopamine receptors may play a role in predisposing to substance abuse in population groups echoes partially overlapping sets of shared as well as sets of unshared genes. man. We note that although our results were quickly confirmed and extended by other workers, 11 who The importance of cross-cultural confirmation and replication of association studies by family-based employed a different personality questionnaire in an ethnically distinct population, in a Finnish population methods in diverse human populations is illustrated by the relation of aldehyde dehydrogenase (ALDH) and no relationship was observed between Novelty Seeking 19 and the long repeat alleles. A group of alcoholic alcoholism. 27 Individuals who carry one or two copies of the inactive form of the ALDH gene, and drink even offenders was also examined in the Finnish study, and although this group has significantly higher Novelty a small dose of alcohol, develop an unpleasant facial flush. However, this association is only evident in Seeking scores, again no relationship was found to the 7-repeat allele. 19, 20 On the other hand, George and her Asian populations simply due to the low frequency of these allelic variations in non-Asian groups. It is intercolleagues 5 found that the D4DR 4.3 and D4DR 4.6 alleles were significantly associated with alcoholism esting to note that the only non-Asian group exhibiting this polymorphism, which also has a reduced rate of whereas the prevalence of other drug abuse among the alcoholic population was higher in the D4DR 3.3 and alcoholism, is a group of Israeli Jewish subjects 28 and perhaps contributes to the purported observation that D4DR 4.7 genotypes. An excess of the long repeat alleles has, however, also been observed in children Jews show lower rates of alcohol-related problems. The association of ALDH alleles with alcoholism is, therewith attention deficit hyperactivity disorder (ADHD), 21 a behavioral disorder characterized by excitable and fore, population-specific illustrating the important principle that the explanatory power of genetic polyimpulsive behavior, traits which are akin to Novelty Seeking. How can these discrepancies be accounted morphisms for a disorder may vary substantially across ethnic groups. The confounding effect of divergent for? gene frequencies among ethnic groups underscores the Statistical analysis Statistical analysis was carried out using SPSS for Winneed for a cross-cultural approach in identifying genes for common diseases displaying a complex mode of dows. Measures of association were tested by the chisquare test of independence (Pearson) and likelihood inheritance.
In the current investigation we show an association ratio. P values Ͻ0.05 are regarded as significant and P Ͼ 0.1 as non-significant. between the long repeat forms of the D4 dopamine exon III polymorphism and opioid substance abuse. To the best of our knowledge this is the first report linking Acknowledgements a functional polymorphism and opioid dependence in man and should be an impetus for further studies. In Dr L Nemanov is the recipient of a grant from the particular, it is important to verify our findings with Israeli Ministry of Absorption (Scientific Absorption). family-based studies such as the haplotype relative risk Part of this work was supported by a grant from the design 29 since case-control studies are sensitive to German-Israeli Binational Foundation for Research population stratification, particularly with a gene such and Development (RPE and BL) and the Israeli Institute as D4DR which displays a complex pattern of evolfor Psychobiology. We would like to thank CITA Israel utionary and population genetics. 30 Finally, the relafor their helpful cooperation. tive risk conferred by possessing the D4DR long repeat allele is modest (2.46) suggesting that if opioid abuse References is similar to alcoholism in its genetic architecture then a number of other genes are likely to contribute to this further studies of candidate genes and opioid depen- (controls: n = 56; patients: n = 34). All subjects gave for genotypes.
